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OPTICAL MODULE

The present application is based on Japanese patent appli-
cation No. 2013-012900 filed on Jan. 28, 2013, the entire
contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an optical module that transmits
and/or receives signals using light rays.

2. Description of the Related Art

A optical module is known that is provided with a photo-
electric conversion element mounted on a substrate and an
optical coupling member for coupling the photoelectric con-
version element to an optical fiber (See e.g. JP-A-2010-
122311, paragraph 0042 of the specification and FIGS. 1 and
5).

The optical module disclosed in JP-A-2010-122311 is con-
structed such that a protrusion wall for positioning is provided
on a lens block as the optical coupling member and the lens
block is positioned and fixed to the substrate by fitting the
protrusion wall into a fitting hole of the substrate. In addition,
the lens block has integrally a fiber-side lens array facing an
end face of the optical fiber and an optical device-side lens
array facing the photoelectric conversion element.

The photoelectric conversion element is mounted on a
component-mounting surface of the substrate (a surface
opposite to a surface facing the lens block) so as to sandwich
the substrate between itself and the lens block. Where the
photoelectric conversion element is a light-receiving ele-
ment, light emitted from the optical fiber is incident on the
lens block through the fiber-side lens array, is internally
reflected at a reflecting surface of the lens block and is emitted
from the optical device-side lens array toward the photoelec-
tric conversion element. On the other hand, where the photo-
electric conversion element is a light-emitting element, light
emitted from the photoelectric conversion element is incident
on the lens block through the optical device-side lens array, is
internally reflected at the reflecting surface of the lens block
and is emitted from the fiber-side lens array toward the optical
fiber.

SUMMARY OF THE INVENTION

The positioning of the optical coupling member to the
photoelectric conversion element (or the mounting substrate)
needs to be performed with a high accuracy ofe.g. several um.
However, it is very difficult to achieve the high accuracy
positioning even by fitting the protrusion into the hole as
described above. Therefore, it has been ever desired to
develop a technique that allows the high accuracy positioning
of the optical coupling member to the photoelectric conver-
sion element (or the mounting substrate).

It is an object of the invention to provide an optical module
that allows the high accuracy positioning of the optical cou-
pling member to the photoelectric conversion element (or the
mounting substrate).

(1) According to one embodiment of the invention, an optical
module comprises:

asubstrate comprising a conductor pattern formed thereon;

a photoelectric conversion element mounted on the sub-
strate; and

an optical coupling member for optically coupling the pho-
toelectric conversion element to an optical fiber,
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wherein a part of the conductor pattern on the substrate
defines an engagement portion that engages with the optical
coupling member so as to position the optical coupling mem-
ber relative to the substrate.

In the above embodiment (1) of the invention, the follow-
ing modifications and changes can be made.

(1) The engagement portion comprises a periphery defined
by an end face of the conductor pattern that is formed on a
surface of the substrate on which the photoelectric conversion
element is mounted.

(i1) The engagement portion comprises a through-hole that
includes the end face of the conductor pattern as an inside
surface thereof and penetrates through the substrate.

(ii1) The optical coupling member comprises a housing
portion for housing an end portion of the optical fiber and a
lens portion for focusing light that propagates through the
optical fiber.

(iv) An end portion of the substrate is held by a connector
fixed to a supporting member, and

wherein the optical coupling member comprises a protrud-
ing portion fitted into a fitting hole formed on the supporting
member.

(v) The substrate comprises an elastically deformable flex-
ible substrate having flexibility and is pressed against the
optical coupling member by a restoring force generated by
the elastic deformation.

(vi) An end portion of the substrate is held by a connector
fixed to a supporting member and is elastically curved
between a first region along the supporting member and a
second region along the optical coupling member.

EFFECTS OF THE INVENTION

According to one embodiment of the invention, an optical
module can be provided that allows the high accuracy posi-
tioning of the optical coupling member to the photoelectric
conversion element (or the mounting substrate).

BRIEF DESCRIPTION OF THE DRAWINGS

Next, the present invention will be explained in more detail
in conjunction with appended drawings, wherein:

FIG. 1 is a cross sectional view showing an example of an
optical module in a first embodiment of the present invention;

FIGS. 2A and 2B show a circuit board, wherein FIG. 2A is
aplan view and FIG. 2B is a cross sectional view taken on line
A-A of FIG. 2A;

FIGS. 3A to 3C show an optical module in a modification
of the first embodiment, wherein FIG. 3A is a cross sectional
view showing an example of the structure, FIG. 3B is an
enlarged view of the section B and FIG. 3C is an enlarged
view of the section C;

FIGS. 4A to 4C are cross sectional views showing a pro-
cess of forming a circuit board in the modification of the first
embodiment; and

FIG. 5 is a cross sectional view showing an example of an
optical module in a second embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

FIG. 1 is a cross sectional view showing an example of an
optical module in the first embodiment of the invention.

Structure of Optical Module 1

As shown in FIG. 1, an optical module 1 is used in a state
of'being mounted on a supporting substrate 7 as a supporting
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member. The supporting substrate 7 is, e.g., a glass epoxy
substrate in which a wiring pattern is formed on a plate-like
base made of glass fiber impregnated with epoxy resin and
then subjected to thermosetting treatment. Non-illustrated
electronic components such as CPU (Central Processing
Unit) or storage unit are mounted on the supporting substrate
7 and transmit, or receive, or transmit and receive signals
to/from another electronic circuit board or electronic device
through optical communication in which an optical fiber 8
mounted on the optical module 1 is used as a transmission
medium.

The optical module 1 is provided with a circuit board 4
composed of a plate-like base 40 and a conductor pattern 43
formed thereon, a photoelectric conversion element 61
mounted on the circuit board 4, a semiconductor circuit ele-
ment 62 electrically connected to the photoelectric conver-
sion element 61, and an optical coupling member 11 for
optically coupling the photoelectric conversion element 61 to
the optical fiber 8.

The circuit board 4 is an elastically deformable flexible
substrate in which the conductor pattern 43 made of a con-
ductive metal foil is formed on a front surface 404 of the base
40 made of e.g., a flexible film-like insulation such as poly-
imide (PI).

The conductor pattern 43 is formed by, e.g., etching a
copper foil and has a thickness of around 100 um. The base 40
has a thickness of, e.g., 50 um to 100 um. A first recessed
portion 41 and a second recessed portion 42 both serving as
engagement portions formed by the conductor pattern 43 are
provided on the front surface 40a of the base 40. The photo-
electric conversion element 61 and the semiconductor circuit
element 62 are mounted on the conductor pattern 43 and are
arranged between the first recessed portion 41 and the second
recessed portion 42.

A fitting portion 44 formed at an end portion of the circuit
board 4 is held by a female connector 63 which is fixed to an
upper surface 7a of the supporting substrate 7. The fitting
portion 44 is fitted into the female connector 63 from a direc-
tion parallel to the supporting substrate 7. Plural connecting
terminals 630 housed in the female connector 63 are con-
nected, at one end, to the conductor pattern 43 and, at the other
end, to non-illustrated electrodes mounted on the upper sur-
face 7a of the supporting substrate 7, thereby electrically
connecting the circuit board 4 to the electrodes of the sup-
porting substrate 7.

In addition, due to the fitting of the fitting portion 44 into
the female connector 63, the circuit board 4 has a curvature
between the female connector 63 and the optical coupling
member 11. A restoring force of the circuit board 4 generated
by the elastic deformation causes the base 40 to be pressed
against the optical coupling member 11.

A first protrusion 21 protruding toward the circuit board 4
s0 as to be engaged with the first recessed portion 41 and a
second protrusion 22 protruding toward the circuit board 4 so
as to be engaged with the second recessed portion 42 are
formed on the optical coupling member 11. The optical cou-
pling member 11 is positioned on the circuit board 4 by
engagement of the first protrusion 21 with the first recessed
portion 41 and engagement of the second protrusion 22 with
the second recessed portion 42. The optical coupling member
11 and the circuit board 4 are adhesively fixed by an adhesive,
e.g., acrylic resin, etc.

The optical coupling member 11 is arranged so that a
surface having the first protrusion 21 and the second protru-
sion 22 thereon faces the photoelectric conversion element 61
and the semiconductor circuit element 62 which are mounted
on the conductor pattern 43. In other words, the first protru-
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sion 21 and the second protrusion 22 of the optical coupling
member 11 are engaged with an end face 43a of the conductor
pattern 43 formed on a surface of the circuit board 4 having
the photoelectric conversion element 61 and the semiconduc-
tor circuit element 62 mounted thereon (on the front surface
40a of the base 40).

The photoelectric conversion element 61 is an element
which converts an electric signal into an optical signal or an
optical signal into an electric signal. Examples of the former
which is a light-emitting element include a laser diode and a
VCSEL (Vertical Cavity Surface Emitting Laser), etc. Mean-
while, examples of the latter which is a light-receiving ele-
ment include a photodiode. The photoelectric conversion ele-
ment 61 is configured to emit light toward the optical fiber 8
or to receive light from the optical fiber 8.

When the photoelectric conversion element 61 is an ele-
ment which converts an electric signal into an optical signal,
the semiconductor circuit element 62 is a driver IC which
drives the photoelectric conversion element 61 based on an
electric signal input from the electronic circuit board. On the
other hand, when the photoelectric conversion element 61 is
an element which converts the received optical signal into an
electric signal, the semiconductor circuit element 62 is a
receiver IC which amplifies an electric signal input from the
photoelectric conversion element 61 and outputs the ampli-
fied electric signal to the electronic circuit.

The entire length of the optical module 1 along an extend-
ing direction of the optical fiber 8 (a direction parallel to the
supporting substrate 7) is, e.g., 5.0 mm to 8.0 mm.

Structure of Optical Coupling Member 11

The optical coupling member 11 is composed of a plug 3
with the optical fiber 8 attached thereto and a rectangular
parallelepiped receptacle 2 into which the plug 3 is fitted. The
plug 3 has a main body 31 with a cylindrical housing portion
32 for housing an end portion of the optical fiber 8, and a first
lens 33 forreceiving or emitting light propagating through the
optical fiber 8. A lens portion 13 for focusing light propagat-
ing through the optical fiber 8 is composed of the first lens 33
and a blow-described second lens 25. The optical fiber 8 is
housed in the housing portion 32 so that an end face 8a faces
the first lens 33.

The receptacle 2 is formed of a transparent resin and has a
main body 20 having a housing hole 23 formed therein to
house the plug 3, the second lens 25 provided on the bottom
end of the housing hole 23, a fixing portion 27 for fixing the
plug 3 and a protruding portion 26 fitted into a fitting hole 70
formed on the supporting substrate 7.

The housing hole 23 has integrally a first cylindrical por-
tion 231 for housing the plug 3 and a second cylindrical
portion 232 provided with the second lens 25. The second
cylindrical portion 232 is formed to have a smaller inner
diameter than the first cylindrical portion 231. A stepped
surface 23a is thus formed between the first cylindrical por-
tion 231 and the second cylindrical portion 232. An end face
31a of the plug 3 on the first lens 33 side butts against the
stepped surface 23a and the plug 3 is fixed by the fixing
portion 27. The fixing portion 27 has an extended portion 271
and a locking portion 272. The extended portion 271 extends
in a direction parallel to the extending direction of the optical
fiber 8 from an end face 20a of the main body 20 on the
opposite side to the circuit board 4, and the locking portion
272 is formed at an end portion of the extended portion 271.
The locking portion 272 of the fixing portion 27 is locked to
an end face 315 of the plug 3 on the opposite side to the end
face 31a, thereby fixing the plug 3 to the receptacle 2.
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The first protrusion 21, the second protrusion 22 and a
housing space 24 for housing the photoelectric conversion
element 61 and the semiconductor circuit element 62 are
formed on an end portion of the main body 20 on the opposite
side to the end face 20a having the fixing portion 27. The
housing space 24 is formed between the first protrusion 21
and the second protrusion 22.

The second lens 25 is arranged so as to face the firstlens 33.
The optical fiber 8, the first lens 33 and the second lens 25
constituting the lens portion 13 and the photoelectric conver-
sion element 61 are disposed such that the respective central
axes coincide with each other.

The protruding portion 26 has a pair of leg portions 261 and
arc-shaped locking portions 262 formed at respective end
portions of the pair of leg portions 261. The leg portions 261
extend in the fitting hole 70 of the supporting substrate 7 from
the upper surface 7a toward a lower surface 7b. The locking
portions 262 of the protruding portion 26 are locked to the
lower surface 756 of the supporting substrate 7, thereby fixing
the receptacle 2 to the supporting substrate 7.

Structure of Circuit Board 4

FIGS. 2A and 2B show the circuit board 4, wherein FIG.
2A is a plan view and FIG. 2B is a cross sectional view taken
on line A-A of FIG. 2A. Note that, the first protrusion 21 and
the second protrusion 22 are indicated by a two-dot chain line.

The circuit board 4 is obtained by forming the conductor
pattern 43 made of, e.g., a copper foil on the front surface 40a
of'the base 40. The conductor pattern 43 is formed only on the
front surface 40a of the base 40 in FIGS. 2A and 2B, but may
be formed also on a back surface of the base 40.

The photoelectric conversion element 61 and the semicon-
ductor circuit element 62 are electrically connected via a
bonding wire 9a. The semiconductor circuit element 62 is
electrically connected to the conductor pattern 43 via plural
bonding wires 95. In the first embodiment, the conductor
pattern 43 has wiring patterns for power supply, grounding,
communication signals and control signals, and each pattern
is connected to the semiconductor circuit element 62 via each
bonding wire 95.

Identification marks 45 are provided at four corners of the
conductor pattern 43 for the purpose of accurate positioning
at the time of mounting the photoelectric conversion element
61 and the semiconductor circuit element 62. The identifica-
tion mark 45 has a square shape in the first embodiment but
may be in various shapes.

Note that, in addition to the photoelectric conversion ele-
ment 61 and the semiconductor circuit element 62, it is pos-
sible to mount electronic components such as connector, IC
(Integrated Circuit), active device (transistor, etc.) or passive
device (resistor, capacitor, etc.) on the circuit board 4.

As shown in FIGS. 2A and 2B, the first recessed portion 41
is formed on the photoelectric conversion element 61 side and
the second recessed portion 42 is formed on the semiconduc-
tor circuit element 62. Each of the first recessed portion 41
and the second recessed portion 42 has a periphery formed by
the end face 43a of the conductor pattern 43. In the first
embodiment, the first recessed portion 41 and the second
recessed portion 42 are rectangular in a plan view of the
circuit board 4. Alternatively, the shape of the first recessed
portion 41 and the second recessed portion 42 may be, e.g.,
trapezoidal or circular, etc.

In the first embodiment, end faces 43a,, 43a, and 43a; of
the conductor pattern 43 serve as the periphery of the first
recessed portion 41. The end faces 43a, and 434, are parallel
to each other and the end face 434, is orthogonal thereto. End
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faces43a,,,43a,, and 43a  ; of the conductor pattern 43 serve
as the periphery of the second recessed portion 42. The end
faces 43a,, and 43a,, are parallel to each other and the end
face 434 is orthogonal thereto.

The outer peripheral surface of the first protrusion 21 is in
contact with the faces 43a,, 43a, and 43a; of the conductor
pattern 43 in the first recessed portion 41 and the outer periph-
eral surface of the second protrusion 22 is in contact with the
faces43a,,,43a,, and 43a, ; of the conductor pattern 43 in the
second recessed portion 42, which results in that the optical
coupling member 11 is accurately positioned so that a light
emitting/receiving portion 610 of the photoelectric conver-
sion element 61 coincides with a focal point of the second lens
25.

The circuit board 4 consists of a first region 4a along the
supporting substrate 7, a second region 45 along the optical
coupling member 11 and a third region 4¢ formed between the
first region 4a and the second region 44. In the first embodi-
ment, the first region 4a is arranged in parallel to the support-
ing substrate 7 and the second region 45 is arranged perpen-
dicular to the supporting substrate 7. The third region 4c is
curved between the first region 4a and the second region 46b.

The female connector 63 (see FIG. 1) fixed to the support-
ing substrate 7 holds the circuit board 4 at the fitting portion
44 which is an end portion of the first region 4a, and the third
region 4c is elastically curved between the first region 4a and
the second region 45. That is, the elastic curvature of the third
region 4¢ causes the second region 45 to be pressed against
the optical coupling member 11.

Operation of Optical Module 1

Next, operation of the optical module 1 will be described in
reference to FIG. 1. The explanation here focuses on the case
where the photoelectric conversion element 61 is a VCSEL
(Vertical Cavity Surface Emitting Laser) and the semicon-
ductor circuit element 62 is a driver IC for driving the photo-
electric conversion element 61.

The optical module 1 is operated by receiving operating
power supply from the supporting substrate 7. The operating
power is supplied to the photoelectric conversion element 61
and the semiconductor circuit element 62 via the female
connector 63 and the circuit board 4. Meanwhile, signals to be
transmitted using the optical fiber 8 as a transmission medium
are input to the semiconductor circuit element 62 from the
supporting substrate 7 via the female connector 63 and the
conductor pattern 43. The semiconductor circuit element 62
drives the photoelectric conversion element 61 based on the
input signal.

The photoelectric conversion element 61 emits laser light
toward the second lens 25 of the receptacle 2. The laser light
incident on the second lens 25 becomes a luminous flux F
parallel to the supporting substrate 7 and is then incident on
the first lens 33 of the plug 3. The laser light incident on the
first lens 33 is incident on a core of the optical fiber 8 from the
end face 8a thereof. In FIG. 1, an optical axis L. and the
luminous flux F of the laser light are indicated by a two-dot
chain line.

When the photoelectric conversion element 61 is, e.g., a
photodiode and the semiconductor circuit element 62 is a
receiver IC, the light-traveling direction is reversed and the
photoelectric conversion element 61 converts the received
optical signal into an electric signal and outputs the electric
signal to the semiconductor circuit element 62. The semicon-
ductor circuit element 62 then amplifies the electric signal
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and outputs the amplified electric signal to the supporting
substrate 7 via the circuit board 4 and the female connector
63.

Functions and Effects of the First Embodiment

The following functions and effects are obtained in the first
embodiment.

(1) Since the optical coupling member 11 is positioned on
the circuit board 4 by engagement of the first protrusion 21
with the first recessed portion 41 of the circuit board 4 and
engagement of the second protrusion 22 with the second
recessed portion 42 of the circuit board 4, it is possible to
accurately position the optical coupling member 11 to the
photoelectric conversion element 61. That is, since the pho-
toelectric conversion element 61 is accurately positioned on
the conductor pattern 43 of the circuit board 4 using the
identification mark 45 as a reference point and the end face
43a of the conductor pattern 43 serves as the respective
peripheries of the first recessed portion 41 and the second
recessed portion 42, it is possible to accurately position the
optical coupling member 11 to the photoelectric conversion
element 61 by engagement of the first protrusion 21 with the
first recessed portion 41 and engagement of the second pro-
trusion 22 with the second recessed portion 42.

(2) The optical coupling member 11 is engaged with the
end face 43a of the conductor pattern 43 which is formed on
the surface having the photoelectric conversion element 61
and the semiconductor circuit element 62 mounted thereon
(on the front surface 40a of the base 40). That is, since the
circuit board 4 has the first recessed portion 41, the second
recessed portion 42 and the identification marks 45 on the
same surface, it is possible to position the optical coupling
member 11 to the photoelectric conversion element 61 more
accurately.

(3) Since the optical coupling member 11 has integrally the
housing portion 32 for housing the end portion of the optical
fiber 8 and the lens portion 13 for focusing light propagating
through the optical fiber 8, it is possible to position the end
face 8a of the optical fiber 8 to the lens portion 13 with high
accuracy.

(4) The circuit board 4 is an elastically deformable flexible
substrate having flexibility and the base 40 is pressed against
the optical coupling member 11 by a restoring force gener-
ated by elastic deformation. Therefore, even if the receptacle
2 is misaligned from the supporting substrate 7 due to stress
applied at the time of attaching/detaching the plug 3 to/from
the receptacle 2, it is possible to absorb the misalignment and
thus to maintain the engagement of the first protrusion 21 with
the firstrecessed portion 41 and the engagement of the second
protrusion 22 with the second recessed portion 42.

(5) Since the circuit board 4 is held at the fitting portion 44
by the female connector 63 fixed to the supporting substrate 7
and is curved in the third region 4¢ by arranging the second
region 45 so as to face the receptacle 2, it is not necessary to
provide a special member for bending the circuit board 4,
such as a guide member. As aresult, itis possible to reduce the
number of components and to make a small optical module 1
at low cost.

Modification

The optical module 1 in the first embodiment can be imple-
mented with, e.g., the following modification. It should be
noted that, in the following description, members having the
same functions as those described in the first embodiment are

10

15

20

25

30

35

40

45

55

60

65

8

denoted by the same reference numerals and the overlapping
explanation thereof will be omitted.

FIGS. 3A to 3C show an optical module 1A in the modi-
fication of the first embodiment, wherein FIG. 3A is a cross
sectional view showing an example of the structure, FIG. 3B
is an enlarged view ofthe section B and FIG. 3Cis an enlarged
view of the section C.

In the optical module 1A of the present modification, the
shape of a first protrusion 21 A and a second protrusion 22 A of
an optical coupling member 11A is different from the shape
of' the first protrusion 21 and the second protrusion 22 of the
optical coupling member 11 in the first embodiment. In addi-
tion, a circuit board 4A in the present modification has a
different shape from the circuit board 4 of the first embodi-
ment.

As shown in FIGS. 3A to 3C, a conductor pattern 43A of
the circuit board 4A is composed of a first conductor pattern
431 formed on the front surface 40a of the base 40 and a
second conductor pattern 432 formed on a back surface 4056 of
the base 40. On the circuit board 4A, a first through-hole 401
and a second through-hole 402 formed by the first conductor
pattern 431 are formed as engagement portions to be engaged
with the optical coupling member 11 A. The first through-hole
401 and the second through-hole 402 include an end face
431a of the first conductor pattern 431 as inner surfaces
thereof.

As shown in FIG. 3B, the first protrusion 21A of a recep-
tacle 2A has integrally a base portion 211 penetrating through
the first through-hole 401 and a flange portion 212 in contact
with the back surface 405 of the base 40. A front end portion
of'the base portion 211 protruding from the first through-hole
401 is melted by heating, thereby forming the flange portion
212.

Likewise, as shown in FIG. 3C, the second protrusion 22A
has integrally a base portion 221 penetrating through the
second through-hole 402 and a flange portion 222 in contact
with the back surface 405 of the base 40. A front end portion
of the base portion 221 protruding from the second through-
hole 402 is melted by heating, thereby forming the flange
portion 222.

In the present modification, the optical coupling member
11A is positioned on the circuit board 4A by engagement of
the first protrusion 21 A with the first through-hole 401 of the
circuit board 4A and engagement of the second protrusion
22A with the second through-hole 402 of the circuit board
4A.

Next, a process of forming the circuit board 4A will be
described in reference to FIGS. 4A to 4C.

FIGS. 4A to 4C are cross sectional views showing a pro-
cess of forming the circuit board 4A in the modification of the
first embodiment.

The process of forming the circuit board 4 A includes a first
step of forming a first copper foil 4315 on the front surface
40a of the base 40 and a second copper foil 4325 on the back
surface 405, a second step of forming the first conductor
pattern 431 by partially removing the first copper foil 4315
and the second conductor pattern 432 by partially removing
the second copper foil 4325, and a third step in which the base
40 is carved by irradiating a laser beam on a removed portion
431c¢ formed by removing the first copper foil 4315. The first
to third steps will be described in more detail below.

In the first step, using, e.g., adhesive bonding, vapor depo-
sition or non-electrolytic plating, etc., the first copper foil
4315 is formed on the front surface 40a of the base 40 and the
second copper foil 4325 is formed on the back surface 405, as
shown in FI1G. 4A. In the present modification, the first copper
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foil 4315 and the second copper foil 4326 each have a thick-
ness of, e.g., 75 um and the base 40 has a thickness of, e.g., 50
um to 100 pm.

In the second step, the first copper foil 4315 is partially
removed by etching, thereby forming the first conductor pat-
tern 431 with plural removed portions 431c¢ (two in the
present modification), as shown in FIG. 4B. Likewise, the
second copper foil 4325 is partially removed by etching,
thereby forming the second conductor pattern 432 with plural
removed portions 432¢ (two in the present modification).

The removed portion 431¢ formed by removing the first
copper foil 4315 and the removed portion 432¢ formed by
removing the second copper foil 4325 face each other with the
base 40 interposed therebetween. The area of the removed
portion 432¢ formed by removing the second copper foil 4326
is larger than the area of the removed portion 431c¢ formed by
removing the first copper foil 4315, and the entire removed
portion 431c¢ formed by removing the first copper foil 4315 is
within the removed portion 432¢ formed by removing the
second copper foil 43256 when viewing the circuit board 4A
from the back surface 405 side.

In the third step, a laser beam is irradiated on the front
surface 40a of the base 40 in the area of two removed portions
431c¢ which are formed by removing the first copper foil 4315,
and the base 40 is thereby carved from the front surface 40a to
the back surface 405. As the laser beam, it is possible to use,
e.g., excimer laser and UV laser (ultraviolet laser), etc. The
first through-hole 401 and the second through-hole 402 are
thereby formed.

The present modification achieves the following functions
and effects in addition to the functions and effects (1) to (5) of
the first embodiment.

The through-hole 401 and the second through-hole 402 are
formed by irradiating a laser beam on the base 40 using the
first copper foil 4315 as a resist film, and thus can be formed
as highly accurate through-holes.

In addition, since the through-hole 401 and the second
through-hole 402 include the end face 431a of the first con-
ductor pattern 431 as the inner surfaces thereof in addition to
penetration through the base 40, the first protrusion 21A and
the second protrusion 22A are deeply engaged. As a result, it
is possible to reliably position the photoelectric conversion
element 61 to the optical coupling member 11A. Further-
more, even if the first copper foil 4315 and the second copper
foil 4325 are formed thinner as compared to the first embodi-
ment, the first protrusion 21 A and the second protrusion 22A
can be reliably engaged.

In addition, since the optical module 1A has the second
conductor pattern 432 on the back surface 4054, it is easy to
handle high-frequency signals when using the second con-
ductor pattern 432 as, e.g., a ground pattern. Furthermore,
since the conductor pattern 43 A has a two-layer wiring struc-
ture composed of the first conductor pattern 431 and the
second conductor pattern 432, heat dissipation efficiency is
improved as compared to single-layer wiring.

Second Embodiment

Next, the second embodiment of the invention will be
described in reference to FIG. 5.

FIG. 5 is a cross sectional view showing an example of an
optical module 1B in a second embodiment of the invention.

In the optical module 1B of the second embodiment, the
shape of a circuit board 4B is different from that of the circuit
board 4 in the first embodiment and the remaining configu-
ration is the same as the optical module 1 in the first embodi-
ment.
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The circuit board 4B is, e.g., a plate-like glass epoxy sub-
strate in which the conductor pattern 43 is formed on a front
surface 40Aa of a plate-like base 40A made of glass fiber
impregnated with epoxy resin and then subjected to thermo-
setting treatment. Although the conductor pattern 43 is
formed only on the front surface 40Aa of the base 40A in FIG.
5, the conductor pattern 43 may be formed also on a back
surface 40Ab.

In the second embodiment, the fitting portion 44 of the
circuit board 4B is fitted into the female connector 63 from a
direction perpendicular to the supporting substrate 7. The
plural connecting terminals 630 housed in the female connec-
tor 63 are connected, at one end, to the conductor pattern 43
and, at the other end, to non-illustrated electrodes mounted on
the upper surface 7a of the supporting substrate 7, thereby
electrically connecting the circuit board 4B to the electrodes
of the supporting substrate 7.

The first recessed portion 41 and the second recessed por-
tion 42 are provided on the circuit board 4B on a surface
facing the receptacle 2 (the front surface 40Aa). In more
detail, the first recessed portion 41 is arranged on the photo-
electric conversion element 61 side and the second recessed
portion 42 is arranged on the semiconductor circuit element
62. In other words, the photoelectric conversion element 61 is
mounted between the first recessed portion 41 and the second
recessed portion 42.

The first protrusion 21 is engaged with the first recessed
portion 41 of which periphery is a portion of the end face 434
of the conductor pattern 43, the second protrusion 22 is
engaged with the second recessed portion 42 of which periph-
ery is another portion of the end face 43a, and the optical
coupling member 11 is thereby positioned on the circuit
board 4B. Alternatively, the first protrusion 21 and the second
protrusion 22 may be engaged with through-holes formed on
the base 40A by irradiating a laser beam.

Functions and Effects of the Second Embodiment

The second embodiment achieves the following functions
and effects in addition to the functions and effects (1) to (3) of
the first embodiment.

Since the base 40A of the circuit board 4B in the second
embodiment is formed of a hard material, the rigidity thereof
allows the first protrusion 21 of the optical coupling member
11 to be engaged with the first recessed portion 41 of the
circuit board 4B while maintaining the engaged state of the
second protrusion 22 with the second recessed portion 42 of
the circuit board 4B and it is therefore possible to position the
optical coupling member 11 and the photoelectric conversion
element 61 with high accuracy.

Summary of the Embodiments

Technical ideas understood from the embodiments will be
described below citing the reference numerals, etc., used for
the embodiments. However, each reference numeral, etc.,
described below is not intended to limit the constituent ele-
ments in the claims to the members, etc., specifically
described in the embodiments.

[1] An optical module (1, 1A, 1B), comprising: a substrate
(circuitboard 4, 4A, 4B) having a conductor pattern (43, 43A)
formed thereon; a photoelectric conversion element (61)
mounted on the substrate (circuit board 4, 4A, 4B); and an
optical coupling member (11, 11A) for optically coupling the
photoelectric conversion element (61) to an optical fiber (8);
wherein the conductor pattern (43, 43A) of the substrate
(circuit board 4, 4A, 4B) forms engagement portions (first



US 9,104,000 B2

11

recessed portion 41, second recessed portion 42/first through-
hole 401, second through-hole 402), and the optical coupling
member (11, 11A) is positioned on the substrate (circuit
board 4, 4A, 4B) by engagement of the engagement portions
(first recessed portion 41, second recessed portion 42/first
through-hole 401, second through-hole 402) with the optical
coupling member (11, 11A).

[2] The optical module (1, 1A, 1B) described in the [1],
wherein peripheries of the engagement portions (first
recessed portion 41, second recessed portion 42) are formed
by an end face (434, 431a) of the conductor pattern (43, 431)
formed on a surface (front surface 40q, 40Aa) of the substrate
(circuit board 4, 4A, 4B) on a photoelectric conversion ele-
ment (61)-mounting side.

[3] The optical module (1A) described in the [1], wherein
the engagement portions (first through-hole 401, second
through-hole 402) comprise the end face (431a) of the con-
ductor pattern (431) as inner surfaces thereof, and are
through-holes (first through-hole 401, second through-hole
402) penetrating the substrate (circuit board 4A).

[4] The optical module (1, 1A, 1B) described in one of the
[1] to [3], wherein the optical coupling member (11, 11A)
comprises a housing portion (32) for housing an end portion
of the optical fiber (8) and a lens portion (13) for focusing
light that propagates through the optical fiber (8).

[5] The optical module (1, 1A, 1B) described in one of the
[1] to [4], wherein an end portion (fitting portion 44) of the
substrate (circuit board 4, 4A, 4B) is held by a connector
(female connector 63) fixed to a supporting member (support-
ing substrate 7), and the optical coupling member (11, 11A)
comprises a protruding portion (26) fitted into a fitting hole
(70) formed on the supporting member (supporting substrate
D.

[6] The optical module (1, 1A) described in one of the [1]
to [5], wherein the substrate (circuit board 4, 4A) is an elas-
tically deformable flexible substrate having flexibility and is
pressed against the optical coupling member (11, 11A) by a
restoring force generated by elastic deformation.

[7] The optical module (1, 1A) described in the [6],
wherein the substrate (circuit board 4, 4A) is held at an end
portion (fitting portion 44) by a connector (female connector
63) fixed to a supporting member (supporting substrate 7) and
is elastically curved between a first region (4a) along the
supporting member (supporting substrate 7) and a second
region (4b) along the optical coupling member (11, 11A).

Although the embodiments of the invention have been
described, the invention according to claims is not to be
limited to the above-mentioned embodiments. Further, please
note that all combinations of the features described in the
embodiments are not necessary to solve the problem of the
invention.

The invention can be appropriately modified without
departing from the gist thereof. For example, although the
case where the lens portion 13 of the optical coupling member
11 is composed of two lenses, the first lens 33 provided on the
plug 3 and the second lens 25 provided on the receptacle 2,
has been described in the embodiments, it is not limited
thereto. Lenses may be provided only on the receptacle 2.

In addition, the case where the first protrusion 21 and the
second protrusion 22 are formed on the optical coupling
member 11 while the first recessed portion 41 and the second
recessed portion 42 are formed on the circuit board 4 has been
described in the embodiments, it is not limited thereto. For
example, it may be such that four recessed portions are
formed surrounding the photoelectric conversion element 61
and the semiconductor circuit element 62 and four protru-
sions are formed on the optical coupling member 11 so as to
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be engaged with the four recessed portions. In other words,
the number of protrusions on the optical coupling member 11
and the number of recessed portions on the circuit board 4 are
not limited.

In addition, although the case where the first protrusion 21
and the second protrusion 22 are formed on the optical cou-
pling member 11 while the first recessed portion 41 and the
second recessed portion 42 are formed on the circuit board 4
has been described in the embodiments, it is not limited
thereto. It may be such that recessed portions are formed on
the optical coupling member 11 and protrusions are provided
on the circuit board 4.

In addition, although the case where one optical module 1
is mounted on the supporting substrate 7 has been described
in the embodiments, it is not limited thereto. Plural optical
module structures may be formed on the supporting substrate
7.

In addition, although the case where the base 40 is carved
by a laser beam has been described in the embodiments, it is
not limited thereto. The base 40 may be carved by machining
such as dicing. In case of machining, it is possible to form the
first through-hole 401 and the second through-hole 402 at
lower cost than the laser beam processing.

In addition, although the case where one optical fiber 8 is
mounted on the optical module 1 has been described in the
embodiments, it is not limited thereto. The optical module 1
may be configured so that plural optical fibers 8 are mounted
thereon.

In addition, although the case where one each of the pho-
toelectric conversion element 61 and the semiconductor cir-
cuit element 62 are mounted on the circuit board 4 has been
described in the embodiments, it is not limited thereto. Plural
photoelectric conversion elements 61 and plural semiconduc-
tor circuit elements 62 may be mounted.

In addition, materials of each member constituting the
optical module 1 are not limited to those described in the
embodiments.

What is claimed is:

1. An optical module, comprising:

a substrate comprising a conductor pattern formed thereon;

a photoelectric conversion element mounted on the sub-

strate; and

an optical coupling member for optically coupling the pho-

toelectric conversion element to an optical fiber,
wherein the substrate includes a stepped engagement por-
tion defined by the conductor pattern, the stepped
engagement portion and the optical coupling member
being engaged together in such a manner that the optical
coupling member is positioned relative to the substrate
by using the stepped portion of the conductor pattern,
wherein the stepped engagement portion comprises a
periphery defined by an end face of the conductor pattern
that is formed on a surface of the substrate on which the
photoelectric conversion element is mounted, and

wherein the end face of the conductor pattern comprises a

plane vertical to the surface of the substrate.

2. The optical module according to claim 1, wherein the
optical coupling member includes a protrusion and a periph-
ery of the protrusion is engaged with the periphery of the
stepped engagement portion.

3. The optical module according to claim 1, wherein the
stepped engagement portion comprises a through-hole that
includes the end face of the conductor pattern as an inside
surface thereof and penetrates through the substrate.

4. The optical module according to claim 1, wherein the
optical coupling member comprises a housing portion for
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housing an end portion of the optical fiber and a lens portion
for focusing light that propagates through the optical fiber.

5. The optical module according to claim 1, wherein an end
portion of the substrate is held by a connector fixed to a
supporting member, and

wherein the optical coupling member comprises a protrud-

ing portion fitted into a fitting hole formed on the sup-
porting member.

6. The optical module according to claim 1, wherein the
substrate comprises an elastically deformable flexible sub-
strate having flexibility and is pressed against the optical
coupling member by a restoring force generated by the elastic
deformation.

7. The optical module according to claim 6, wherein an end
portion of the substrate is held by a connector fixed to a
supporting member and is elastically curved between a first
region along the supporting member and a second region
along the optical coupling member.

8. The optical module according to claim 1, wherein the
optical coupling member includes a fixing portion, which
fixes the optical fiber.

9. The optical module according to claim 1, wherein the
substrate is devoid of a through-hole in the stepped engage-
ment portion.

10. The optical module according to claim 1, wherein the
optical coupling member is positioned relative to the sub-
strate only by the stepped engagement portion of the conduc-
tor pattern.

11. The optical module according to claim 1, wherein the
stepped engagement portion positions the optical coupling
member relative to the substrate in a direction parallel to a
direction of a lateral extension of the optical fiber.

12. The optical module according to claim 1, wherein the
stepped engagement portion comprises a first recessed por-
tion and a second recessed portion that are defined by the
conductor pattern and are provided on the surface of the
substrate.

13. The optical module according to claim 12, wherein the
photoelectric conversion element is mounted on the conduc-
tor pattern and is arranged between the first recessed portion
and the second recessed portion.

10

15

20

25

30

35

40

14

14. The optical module according to claim 13, wherein the
optical coupling member comprises a first protrusion protrud-
ing toward the substrate to be engaged with the first recessed
portion and a second protrusion protruding toward the sub-
strate to be engaged with the second recessed portion.

15. The optical module according to claim 14, wherein the
optical coupling member is positioned relative to the sub-
strate by an engagement of the first protrusion with the first
recessed portion and an engagement of the second protrusion
with the second recessed portion.

16. The optical module according to claim 15, wherein the
first protrusion and the second protrusion of the optical cou-
pling member are engaged with a side surface of the conduc-
tor pattern, a bottom surface of the conductor pattern being
disposed on the surface of the substrate that the photoelectric
conversion element is mounted thereon.

17. The optical module according to claim 16, wherein the
first protrusion and the second protrusion of the optical cou-
pling member are further engaged with another side surface
of the conductor pattern, said side surface and said another
side surface of the conductor pattern extending orthogonal to
a direction of an extension of the bottom surface of the con-
ductor pattern.

18. The optical module according to claim 17, wherein the
first protrusion and the second protrusion of the optical cou-
pling member abut said side surface of the conductor pattern,
said another side surface of the conductor pattern, and the
surface of the substrate.

19. The optical module according to claim 13, further
comprising a semiconductor circuit element mounted on the
conductor pattern between the first recessed portion and the
second recessed portion.

20. The optical module according to claim 19, further
comprising identification marks provided at corners of the
conductor pattern for positioning the photoelectric conver-
sion element and the semiconductor circuit element,

wherein the first recessed portion, the second recessed

portion, and the identification marks are provided on the
surface of the substrate.
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